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Recent upgrades at GFZ Potsdam
laser station preparing remote and
autonomous operation
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1 GFZ Potsdam, Germany
2 DiGOS Potsdam, Germany
3 Finnish Geospatial Research Institute, National Land survey of Finland
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Former system setup

Cameras » Observer [« Cooling system
- Tx beam Local
- Telescope room
Rain sensors ADS-B
\ 4 \ 4 \ 4 A 4 \ 4
Dome Hardware Tx beam parameters SCOPE [—» Laser
- ET - Beam divergency Tracking software Automatic switch off
- Range gate - Filter (Day/Night/Calibration) from Digos
- PMT - Shutter
- Optical boxes Tx&Rx - Aperture
- Heaters - Path mirror alignment
- Ventilation
GFZ
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Upgraded system setup

Digitization .
Cameras » Observer [« Cooling system
- Tx beam Local | Remote
- Telescope room via VPN
- Alilsky ¢ v
Rain sensors » SCOPE [<¢—— ADS-B Sensors
Tracking | software
SPS SPS SPS
i i \ 4 l
Dome Hardware Tx beam parameters Laser
- ET - Beam divergence Automatic switch off
- Range gate - Filter (Day/Night/Calibration)
- PMT - Shutter
- Optical boxes Tx&Rx - Aperture
- Heaters - Path mirror alignment
- Ventilation
\ 4
GFZ : i - .
Email [« Database » Visualization % weLmnour
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Further upgrades

e SCOPE - DiGOS tracking software — upgrades

- Mount models from automatic star calibration (automatic adjustment of many stars)
- Control of Tx beam alignment

- Prediction manager (download and calculation of passes in the background)

- Graphical and automatic scheduling

e Hardware
- Secured shutters, that snap back upon signal loss due to a spring

e Cameras
—  Allsky
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Remote operation tests

e On site via LAN (GF2Z)
- Via cable in LAN

e From home via internet (Potsdam/GFZ, Berlin/GFZ)

- Via cable in Internet, but also via Hotspot from moile phone

Setup used for onsite remote tests. Setup used for remote tests from home.
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Remote operation safety concept

Local
Tracking | software
SCOPE
\ 4 A 4 \ 4
SPS SPS SPS
Interlock Close Shut down if required
\ 4 \ 4 \ 4
Laser Dome Hardware
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Remote operation safety concept

Remote

lDead man switch

Timer

Tracking | software

SCOPE

\ 4
Timer reset

v l

SPS/Timer SPS/Timer SPS/Timer
Interlock lCIose i Shut down if required
\ 4
Laser Dome Hardware
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Steps towards autonomous operation

e Hardware now ready to be controlled by software
e Safety barriers about to be implemented
e Basis for actually implementing autonomous operation

e Software has to be extended with various modules

- Optimization of Signal via adjustment of
e Tx beam alignment offset
e Tx beam divergence
e Time bias
- Make use of
e Time bias prediction
e Tx beam alignment offset prediction (Heatmaps from our database)
¢ Cloud detection?
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Summary

e System setup and hardware upgraded (SPS, digitization, etc.)

e Hardware can now be switched from the tracking software

e Safety barriers are about to be implemented

e Secure remote operation becomes possible

e Hardware setup is prepared to incorporate autonomous tracking
e Software modules have to be developed and incorporated

GFZ ﬁHELMHOLTZ

Helmholtz Centre | ASSOCIATION

PorsbpAm




S. Bauer et al. - Recent POT3 Upgrades - ILRS technical workshop, Riga, Latvia, 2nd — 5th October 2017.

Thank you for your attention!
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Laser upgrade

e HighQ laser PicoRegen Nd:VAN, 532 nm, 12 ps pulse width, 20
ns timing jitter back from Spectra Physics in Austria after
upgrade

- Before
e 1.0 W with 0.5 mJ pulse energy @ 1 kHz
e 0.8 W with 0.4 mJ pulse energy @ 2 kHz
- After
e 1.1 Wwith 1.1 mJ pulse energy @ 1 kHz
e 1.4 W with 0.7 mJ pulse energy @ 2 kHz
- Status
e Integrated and currently under testing

e Used for tests Compiler Nd: XXX, 532 nm, 7 ps pulse width, 50

ns timing jitter, from Passat Ltd.

- Performance
e 0.14 W with 0.35 mJ pulse energy @ 400 Hz
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Further hardware upgrades

e Temperature stabilization of the telescope system
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Begin
2017-09-10

Filters

Settings.
Date filter

Begin
2017-09-12700:00:00

Day/night time filter

Fier timeframe begin in SOD
3600

Temperature filter

Status

Output

tmin
11
Plots
Type
Heatmap M|
Offset factor
2

Influx database request timeframe

End
2017-09-20

Request and process data

Actual signal level
03

End
2017-09-15T00:00:00

Use day time data v

Fitter timeframe end in SOD
64800

16

Filter data

Heatmap stepsize
3

Plot data

— Horizon
— 20" elevation
------ 10 markers

-100 -80 -60

TX beam pointing offset analysis

Applying activated fiters ..

Plotting heatmap

Fitter for actual offsets applied

Fiter for actual noise applied ... datapoints where signal - noise < 0.3% are removed!
Actual signal fiter was applied and from 19733 datapoints 15393 were removed

only datapoints were offsets were actually applied are used

Fiter for actually applied offsets was applied and from 4320 datapoints 2670 were removed

Fiter applied for date ... only data between 2017-09-12T00:00:00 and 2017-09-15T00:00:00 is used for the heatmap
Date selection fiter was applied and from 1650 datapoints 1124 were removed

Day time fiter is applied ... only data between 0.041667 and 0.75 is used for the heatmap ...

SOD fiter was applied and from 526 datapoints 137 were removed
Fiter applied for temperature ... only data between 11 °C and 16 °C is used for the heatmap
[ Temperature fiter has to be improved ... for cases where Thiax is < minimum temperature
[Temperature fiter was applied and from 339 datapoints 43 were removed

\Applying activated fiters .. finished

]
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Hardware upgrades

J Upgradlng control hardware to SPS
Switching power (PMT, RG, optical boxes Tx/Rx, heater, laser, ventilation)

- Changing state (dome, Rx path detector and camera, shutters in Tx and RX path with
snap back mechanism)

- Including new sensors (Laser cooling circuit, laser room temperature and dehumidifier
status, rain sensor)
e Adding cameras

- Allsky Cam
- Wide angle telescope room camera

e Digitizing existing camera streams
- Via framegrabber card
- Switching unit to input a larger number of streams than 2 per card
- Cameras used for the laser beam alignment, mount models, tracking (Tx cam)
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Remote operation safety concept

o Safety barriers developed

e Concept
— Only local operation
e At the station
e Via VPN
— Connection timeout for the control software SCOPE for the
e Operator (manual dead man switch)
e Hardware (continuously reset timer in the SPS)
— Rain sensor
e 1 outand 1 inside
e Closes or prevents opening of the dome
- ADS-B radar
e Laser operation is interrupted automatically if airplane is close to beam
- Real time monitoring system with
e A database and a frontend for relevant system parameters
e Email notifications about computer status
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